The use of polyclonal antibodies in differentiating between samples of faecal microflora derived from ten healthy volunteers was assessed. The distribution of FITC-labelled antibodies (of the IgA, IgG and IgM isotype) over 144 morphologically distinct subsets of faecal bacteria ('morphotypes') was quantified by means of digital morphometry and quantitative immunofluorescence. Furthermore, a new dataprocessing algorithm was developed which makes objective quantitation of the antibody distributions over the faecal morphotypes possible. The results of this study imply that the antibody binding capacity of faecal morphotypes is a unique characteristic of faecal microflora.
INTRODUCTION
The composition of the faecal microflora is supposed to be an important parameter in the aetiology of nosocomial infections [1] , rheumatoid arthritis [2], Crohn's disease [3] and colon carcinogenesis [4] . Colonic overgrowth by resistant bacteria during antimicrobial chemotherapy [5] reveals that the colonization resistance [6, 7] of the gut is mainly determined by the anaerobic faecal microflora.
In order to assess the composition of the faecal microflora, the following strategies are employed most often: anaerobic culture [8] , measurement of the activity of enzymes produced by faecal bacteria [9] and morphological analysis of faecal microflora by means of light microscopy [10] . Since human faeces may contain as many as 400 different anaerobic bacterial species, culturing of faecal bacteria is very laborious and time-consuming. Quantification of the activity of bacterial enzymes can proceed rapidly and a reasonable correlation between enzyme activity and the anaerobic culturing results has been reported [11] . However, because different bacterial species may produce the same enzymes this method is less well suited for characterization purposes. The microscopic morphology of faecal microflora can be analysed visually [10] and automatically [12] . Visual morphological analysis is laborious and may be inaccurate as a result of its inherent subjectivity. On the contrary, automatic morphological analysis is fairly fast and accurate, and has therefore been applied clinically to study the effect of antibiotic treatment on faecal flora [13] , although the sensitivity of the method did not permit differentiation between faecal samples derived from different subjects at a statistically significant level.
In another study by Apperloo-Renkema and co-workers [14] The results of this study imply that differentiation between faecal microflora derived from different subjects, on the basis of their binding to circulating antibodies, is possible. 
MATERIALS AND METHODS

Volunteers
Fluoro-morphometrical analysis
The hardware and software of the image analysis system have been described previously [15] . Briefly, an Orthoplan UV-microscope (Leitz, Germany) with a phase-contrast condensor, a mercury lamp (HBO 100 W, Osram, Germany) and a CCD video camera (Fairchild CCD 5000/1, Sunnyvale, California) were used. The image analysis system comprises a Compaq deskpro 80486 microcomputer with 8 MB RAM equipped with a MATROX MVP/AT image-processing board (MATROX Electronic Systems Ltd, Quebec, Canada) and an exposure-control expansion board interfacing the computer to the CCD. By means of this board, which was developed in our laboratory [16] , the integration time of the camera can be increased from one video frame (= 1/30 s) to any integer number of video frames. In this study an integration time of 128 video frames was employed. Analysis of the phasecontrast image of a microscopical slide results in a binary image containing only background and faecal objects. In addition, a fluorescence image is generated containing the fluorescence intensities of the objects in the accompanying binary image.
Objective description of the microscopic objects requires quantitative morphological parameters. Meijer and colleagues [17] derived four such parameters based on four measurements: surface area (A), perimeter (P), moment of inertia (I) and area of convex hull (H). The moment of inertia is defined as:
i in which the xi are the x coordinates of the pixels belonging to the object, and x is their mean; likewise for yi and y. Based on these four measurements, the morphological parameters derived were: a = log A,
fl = 2og P-log A,
f2 = log I-21og A,
c=log H-logA. In serological procedures it is common use to express antibody concentrations as a titre. Titre is defined as the inverse of the dilution which is needed to satisfy some arbitrary condition. This arbitrary condition is also designed as the threshold value. In this paper the fluorescence level is used instead of the titre as a descriptor of the antibody concentration because the fluorescence level does not depend on a threshold value and is, therefore, an objective measure of antibody concentration.
Data analysis
The 1-000  B 0-408 1-000  C 0-476 0-394 1-000  D 0-476 0-312 0-261 1-000  E 0-354 0-269 0-357 0-241 1-000  F 0-319 0-241 0-331 0-221 0-270 1-000  G 0-442 0-236 0-442 0-311 0-371 0-276 1-000  H 0-400 0-418 0-442 0-201 0-318 0-322 0-356 1 
DISCUSSION
The human faecal microflora is a very complex ecosystem. It is therefore obvious that the classification of faecal bacteria into 144 morphotypes has no relation with conventional bacteriology. Morphotypes involve faecal objects which have no relationship with bacterial genera or families. They may even include some non-bacterial objects. It was shown by Meijer that the bacteria in a pure culture of Enterobacter intermedius were not confined to one morphotype but ranged over several adjacent morphotypes [20] . The results of this study, therefore, have to be interpreted in terms of humoral reactivity against morphologically similar faecal bacteria.
From the similarity matrices it can be deduced that the distribution of circulating specific IgG over the faecal morphotype renders differentiation between all samples in the trial possible at a statistically significant level. This probably reflects the high specificity of antibodies of the IgG isotype. Circulating antibodies of the IgM isotype, which are often less specific because of their biological function as a first line of humoral defence, allow sample separation, except for samples H and I. Though it needs to be mentioned that the similarity coefficient between H and I is only slightly (i.e. 1-6%) larger than the significance level computed for the IgM datavector measurements.
Circulating IgA is also less suitable for characterization purposes. This is to be expected on the basis of total circulating IgA measurements [14] In conclusion, using quantitative immunofluorescence, image analysis and the dataprocessing procedure presented in this study, the distribution of circulating antibodies over 144 distinct faecal morphotypes yields a reproducible pattern of fluorescence-levels which is (depending on the Ig-isotype) more or less unique for each volunteer. For characterization of the faecal microflora and for studies concerned with the interaction between microflora and the humoral immune system of the host, this method is fast, accurate and highly sensitive. Future studies dealing with the longitudinal variability of the composition of the faecal microflora and the influence of food additives, by means of this method are currently undertaken.
